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1. Introduction 


Prostate cancer remains the number one cancer diagnosed in men (except skin cancer), and 
238,590 new patients were diagnosed and 29,720 died in the US in 2013 according to the 
American Cancer Society report. Radiotherapy (RT) is an important primary treatment for old 
patients with low-risk prostate cancer, the standard primary treatment for high-risk prostate 
cancer when combined with androgen deprivation therapy (ADT), and the major salvage therapy 
for local recurrence after surgery [1-5]. In addition, surgery plus adjuvant RT also demonstrates 
survival benefits when compared with surgery alone [1, 6, 7]. Despite that the majority of 
patients can be cured by RT, approximately 10% of patients with low-risk cancer and up to 30- 
60% of patients with high-risk cancer experienced biochemical recurrence within five years after 
RT, and among them 20% of patients died in 10 years [8-11]. Similar rate of recurrence was 
observed after surgery [12, 13]. Given that 96% of prostate cancer patients are present as 
localized disease in the US [14] and that most recurrent tumors are local recurrence [15], failure 
in controlling these localized primary and recurrent prostate cancers eventually leads to disease 
progression and contributes to the majority of prostate cancer deaths. Thus, developing effective 
primary and salvage RT for prostate cancer patients will have a huge impact on reducing prostate 
cancer mortality. 

Protein arginine methyltransferases (PRMTs) are a family of proteins involved in post- 
translational modifications of histones and non-histone proteins [16, 17], mRNA splicing, 
nuclear-cytoplasmic shuttling, DNA damage response, and signal transduction [18]. Recent 
studies have further demonstrated that PRMT5 is involved in the DNA damage response by 
epigenetically modulating target gene expression or by regulating the function of proteins that 
are involved in the DNA damage response [19-21]. However, it remains uninvestigated how 
PRMT5 is involved in prostate cancer development, progression, and therapeutic responses. 
Based on the findings in the literature and the preliminary studies, it is hypothesized that 
radiation-induced or pre-existing PRMT5 overexpression contributes to the resistance of prostate 
cancer cells to RT in both primary and recurrent prostate cancer. The objective of the proposed 
research is to determine whether targeting PRMT5 can sensitize primary prostate cancer to RT, 
and can reprogram therapy-resistant recurrent prostate cancer to therapy-sensitive prostate cancer. 
Three specific aims are proposed in this project. Aim 1 will determine that targeting PRMT5 can 
sensitize prostate cancer cells and prostate cancer xenograft tumors to fractionated ionizing 
radiation (IR) in vitro and in nude mice; Aim 2 will determine that targeting PRMT5 can 
sensitize radiation-resistant prostate cancer cell sublines and recurrent xenograft tumors to 
radiation and chemotherapy in vitro and in nude mice; and Aim 3 is to establish the clinical 
correlation between the expression level of PRMT5 and radioresistance and tumor recurrence in 
human prostate cancer patients. Under the support of this award, we have made the following 
progress during the second grant period (Aug 1, 2013 - July 30, 2014). 


4 



2. Keywords 

Prostate cancer, LNCaP, DU-145, PC-3, PRMT5, CREB, ionizing radiation, NF-Y 


5 



3. Overall Project Summary 


Task 1. Aim 1: To determine that targeting PRMT5 can sensitize prostate cancer cells and 
prostate cancer xenograft tumors to radiation in vitro and in nude mice (Months 1- 
18) 



B 


la. Generate lentivirus for making doxycydine-inducible cell lines using LNCP, DU-145 and 
PC-3 cells (Months 1-6). Completed! 

One major experimental 
approach is to establish 
lentiviurs-based knockdown of 
PRMT5. As reported in the last 
progress report, we successfully 
identified two potent shRNA 
constructs that can knock down 
PRMT5. Transduction of 
lentivirus into LNCaP cells also 
enabled the establishment of 
several cell lines. To know 
whether doxycycline induction 
works or not in vivo, we injected 
cells into five mice and started 
the induction after tumors grew to 
200 mm with drinking water 
containing 1 mg/ml of 
doxycycline, and measured the 
tumor volume twice a week. 

Compared with non-induced 
group (5 mice), we found that 
doxycycline-treated group 

showed initial response 
(suppression of tumor growth). 

However, comparable tumor 
volumes were observed at the end 
of 4-week treatment, though Dox- 
treated group showed slow 
growth initially (Fig. lA). This 
observation suggests that some 
non-integrated cells may 
overgrow eventually. To confirm 
this, we performed 

immunohistochemistry (IHC) 

analysis of resected tumors and found that tissues from both treated and untreated group 
expressed comparable level of PRMT5 (Fig. IB). Thus, it is likely that the stable cell line does 
contain a significant fraction of non-integrated cells. 



Figure 1. Effect of doxycycline induction of PRMT5 knockdown 
in LNCaP xenograft tumors. A. Shown are tumor growth of an 
established LNCaP-PRMT5 shRNA cell line using lentivirus 
transduction. The infected cells were selected for one week and then 
expanded for innoculation of 3x10^ cells into the hind legs of 10 male 
NSG mice (weeks 6-8) from the Jackson Laborary. After tumors grew 
to 200 mm^, mice were randomly divided into two groups. The mice 
in the treated group were fed with drinking water containing 
doxycycline (1 mg/ml), and the mice in the control group were fed 
with drinking water without doxycycline. Tumor size were masured 
twice a week and tumor volumes were determined. B. Shown is a 
represent image for the immunohistochemical staining of PRMT5 in 
resected tumor tissues from untreated (Dox-) and doxycycline-treated 
group (Dox+). 
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To overcome this problem, we have isolated individual clones (starting from single cells), 
and doxycycline induction confirmed that clone #511 showed efficient knockdown when 
induced by Dox (Fig. 2). We will use this isolated clone as stable cell lines to perform proposed 
experiments. 


SC #314 #511 

Dox 
PRMT5 


p-Actin 



Figure 2: Effect of doxycycline induction on 
PRMT5 expression in isolated and stably-integrated 
clones. LNCaP cells infected with the lentivirus 
encoding PRMT5 shRNA were diluted and reseeded 
for isolation of individual clones. The indicated clones 
that can inducibly express scrambled control (SC) or 
the PRMT5 shRNA were treated with doxycycline (1 
pg/ml) (Dox) for 4 days or without Dox treatment 
(Dox-). Cell lysate was prepared and the expression 
level of PRMT5 was determined by immunoblotting 
analysis. The clone #511 shows a very good 
knockdown. 


lb. Perform radiosensitization experiments by using the knockdown cell lines and by using 
PRMT5 small molecule inhibitor BLL3.3 (months 7-12). Completed ! 

We completed this task and demonstrated that knockdown of PRMT5 or inhibition of 
PRMT5 by BLL3.3 sensitized prostate cancer cells to ionizing radiation. This was reported in the 
2013 annual report 

l c. Submit animal protocols for approval from Purdue University and USAMRMC. Completed! 
We have completed the submission and approval of the animal protocols. 

l d. Perform in vivo radiosensitization experiments using prostate cancer cell xenograft tumors 
(LNCaP and DU-145) and analyze data (months 7-12). Ongoing. 

As discussed in Task la, we have isolated individual clones. If doxycycline induction works 
with newly established cell lines, we will move to the proposed in vivo experiments. 

e. Analyze tumor tissues by immunohistochemistry (months 13-18). Ongoing. 

As discussed in Task la, our pilot experiment suggests that doxycycline-induced PRMT5 
knockdown did not work. Thus, these stable cell lines cannot be used for in vivo experiments. 
We will use the isolated clones to perform proposed in vivo experiments. 

Task 2. Aim 2: To determine that targeting PRMT5 can sensitize recurrent (regrown) 

xenograft tumors to radiation and chemotherapy (Months 19-36) 

2a. Isolate radiation-resistant prostate cancer sublines from DU-145 and PC-3 cells (months 19- 

24) Completed and reported in the 2013 Progress Report. 
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2b. Perform radiosensitization and chemosensitizatio experiments using radiation-resistant 
sublines (Months 25-36). Partially completed. 

Because PRMT5 is involved in regulation of DNA damage response, we hypothesized 
that targeting PRMT5 may also sensitize prostate cancer cells to chemotherapeutic agents. If so, 
chemotherapy plus PRMT5 targeting will be more effective for treating patients with recurrence 
and metastasis. For this purpose, we have completed the chemosensitization experiments using 
parental LNCaP and DU-145 and the respective radioresistant clones by treating cells with the 





D_ E 




Cisplatin (pM) 


I 



Figure 3. Effect of PRMT5 inhibition on the chemosensitivity of LNCaP and its radiation-resistant subclines 
LNCaP-IRR3 and LNCaP-IRR6. LNCaP or the isolated radiation-resistant sublines LNCaP-lRR3 and LNCaP- 
1RR6 after 40 Gy of fractionated ionizing radiation (FIR) were seeded in 48-well plate in 200 pi medium at a 
density of IxlO"^ for 24 hours, and then treated with various concentrations of the indicated chemotheraputic agents 
with or without a PRMT5 inhibitor BLL3.3 (10 pM). Fourty-eight hours after the treatment, 70 pi of MTT working 
solution (0.5 mg/ml) was added into each well. After incubation at 37”C for 4 hours, 200 pi of DMSO was addded 
into each well and incubated for 10 min, followed by reading of the absorbtion at 560 nm with Take 3 plate reader 
(BioTek). Shown are mean + SD from three independent experiments. Statistical analysis was performed with Two- 
way ANOVA, and there was no statistical significance between BLL3.3 treated and untraeted groups with all three 
chemothreapeutic agents tested. 
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PRMT5 inhibitor BLL3.3. Interestingly, we have found that inhibition of PRMT5 did not 
sensitize both parental and radioresistant sublines to three chemotherapeutic agents (Figs. 3 and 
4). As etoposide also induces double strand breaks, these results suggest that PRMT5 may utilize 
different mechanisms to sensitize prostate cancer cells to radiation. We will test whether 
inhibition of PRMT5 can sensitize these resistant cells to radiation or not. 





Figure 4. Effect of PRMT5 inhibition on the chemosensitivity of DU-145 and its radiation-resistant cells. DU-145 
or the isolated radiation-resistant subline DU-145-IRR1 after 40 Gy of fractionated ionizing radiation (FIR) were 
seeded in 48-well plate in 200 pi medium at a density of 1x10"* for 24 hours, and then treated with various 
concentrations of the indicated chemotheraputic agents with or without a PRMT5 inhibitor BLL3.3 (10 pM). Fourty- 
eight hours after the treatment, 70 ml of MTT working solution (0.5 mg/ml) was added into each well. After incubation 
at 37“C for 4 hours, MTT solution and the medium were aspirated, and 200 pi of DMSO was addded into each well and 
incubated for 10 min, followed by reading of the absorbtion at 560 nm with Take 3 plate reader (BioTek). Shown are 
mean + SD from three independent experiments. Statistical analysis was performed with Two-way ANOVA, and there 
was no statistical significance between BLL3.3 treated and untraeted groups with all three chemothreapeutic agents 
tested. 
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2c. Perform in vivo radiosensitization of recurrent xenograft tumors (Months 19-30). Not 

started. 

We will determine whether PRMT5 targeting can sensitize recurrent cell lines to 
radiation. If so, we will test parental LNCaP and DU-145 as well as radioresistant cells using our 
in vivo radiosensitization approach. 

2d. Analyze tumor tissues by immunohistochemistry (Months 31-36). Not started. 

This subaim will be completed when subaim 2c is completed. 

Tasks. Aim 3: To establish the clinical correlation between the expression level of 

PRMT5 and radioresistance and tumor recurrence (Months 1-36) 

a. Submit IRB protocols to Purdue University, London Health Science Centre of the University of 

Ontario and USAMRMC (Months 1-6). Completed. 

We have completed the submission of IRB protocols and we have received approvals. 

b. Retrieve and review specimens for the proposed research (Months 7-12) Ongoing. 

As reported in the 2013 Progress Report, Dr. Chin and Dr. Moussa at the University of 
Western Ontario have encountered some difficulties to retrieve recurrent prostate cancer 
specimens archived many years ago. They have also found that many primary specimens were 
not available in their hospital. To solve this problem, I have contacted Dr. Richard Cho at Mayo 
Clinic Department of Radiation Oncology based on a published paper from Mayo Clinic [22]. Dr. 
Cho and Dr. Herrera Hernandex (pathologist) are now working on the IRB protocol and try to 
retrieve some specimens for proposed experiments. Meanwhile, I have also asked Dr. Chin and 
Dr. Moussa at the University of Western Ontario to continue identifying specimens for the 
proposed experiments. 

3c. Prepare two slides from each specimens for IHC analysis (Months 13-18). See details in 3e. 

3d. perform IHC analysis and analyze data to establish the clinical correlation between PRMT5 
expression and radioresistance and tumor recurrence (Months 19-36). See details in 3e. 

3d. Perform IHC analysis and analyze data to establish the clinical correlation between PRMT5 
expression and radioresistance and tumor recurrence (Months 19-36) Ongoing 

As we may have difficulty to obtain the number of proposed matched specimens from 
patients who were treated with radiotherapy, we have started to examine the expression level of 
PRMT5 in prostate cancer patients. Because high recurrence rate (30-50%) was reported in high- 
risk prostate cancer patients and because our data suggest that high expression level of PRMT5 
confers radioresistance in prostate cancer cells (Task lb, reported in the 2013 Progress Report), 
we collaborated with Dr. Jiaoti Huang at UCLA to determine the PRMT5 expression in a tissue 
microarray. We found that 60% of intermediate- and high-risk prostate cancer patients show 
moderate-to-strong expression whereas 40% of low-risk and 20% of normal control show similar 
extent of expression (Fig. 5). These results strongly suggest that high expression of PRMT5 may 
indeed contribute to radioresistance. Currently, we are trying to perform IHC analysis of PRMT5 
expression in a large cohort (-1000 patients), in which clinical follow-up is available. We hope 
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this will eventually help us establish the clinical correlation between PRMT5 expression and the 
clinical outcomes. 
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Figure 5. PRMT5 is overexpressed in high-risk prostate cancer tissues. A tissue microarray 

consisting of 32 cases of normal tissues, 20 cases of low-risk prostate cancer tissues (Gleason score 6), and 20 cases 
of intermediate- to high-risk prostate cancer tissues (Gleason score>7) was used to perform immunohistochemical 
analysis of PRMT5 expression with an anti-PRMT5 antibody. The expression level of PRMT5 was scored for both 
cytoplasm and nucleus. The intensity scores are 0 (no expression), 1 (low expression), 2 (moderate expression), and 
3 (high expression), and the percentage of cells showing the expression are 0-10 with 10 as the highest percentage 
(100%). The expression score for cytoplasmic and nuclear PRMT5 was determined by the intensity score times the 
percentage (0-30), and the total expression score is the sum of cytoplasmic expression score plus nuclear expression 
score (0-60). A. shown are representative images for a normal tissues (Nlb-1), low-risk prostate cancer tissue 
(6Tla), and a high-risk prostate cancer tissue (7T2b). B. The distribution of PRMT5 expression in prostate cancer 
tissues and normal tissues. The expression level of the sum score (cytoplasm + nucleus) is defined as: None for 0- 
14, Weak for 15-30, Moderate for 31-44, and Strong for 45-60. Note that PRMT5 is almost evenly distributed in 
both cytoplasm and nucleus in all specimen examined. 
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Additional accomplishments relevant to proposed research (Tasks 1 and 3) 

PRMT5 epigenetically regulates AR transcription. As reported in the 2013 Progress Report, we 
accidently found that knockdown of PRMT5 without radiation also slowed down cell growth in 
LNCaP cells, and confirmed that PRMT5 regulates androgen receptor (AR) expression. This is a 
very exciting and important discovery relevant to the proposed research (Tasks 1 and 3). As the 
current gold standard treatment for high-risk prostate cancer patients is radiotherapy plus 
adjuvant ADT, our novel finding further led us to believe that targeting PRMT5 is a double 
edged sword for high-risk prostate cancer patients by suppressing expression of AR and by 
radiosensitizing prostate cancer cells. Thus, it is important to understand how PRMT5 regulates 
AR expression. Because PRMT5 is an emerging epigenetic enzyme that can epigenetically 
regulate expression of target genes, down-regulation of AR transcription could be due to 
epigenetic control of AR transcription (direct mechanism) or due to down-regulation of other 
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Figure 6. PRMT5 epigenetically regulates AR expression. A. LNCaP cells were transiently transfected with 
plasmids encoding scrambled control (SC) or PRMT5 shRNA (KD) along with an AR-Luc reporter gene and the 
Renilla control plasmid. Cell lysate was prepared 72 hours after transfection and the luciferase activity was 
determined using Dual-Luciferase Reporter Assay System (Promega). Results are from three independent 
experiments. B. LNCaP cells were transiently transfected with plasmids encoding SC or a PRMT5 shRNA for 72 
hours and cell lysate was prepared for immunoblotting analysis of PRMT5 and the symmetric dimethylation of 
H4R3 (H4R3me2). C. Similar experiments were performed as in B and the binding of PRMT5 to the proximal end 
of the AR promoter was determined using ChIP analysis with anti-PRMT5 antibody. D. Similar experiments were 
performed with anti-H4R3me2 to determine the enrichment of H4R3me2 on the AR promoter. Results presented 
are from three independent experiments and Student’s f-test was used for statistical analysis. 
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transcription activators of AR transcription (indirect mechanism). To distinguish these two 
possibilities, we performed an AR-luciferase reporter gene assay. We reasoned that we could see 
a similar inhibition of AR-Luc activity if the indirect mechanism is involved. Interestingly, 
knockdown of PRMT5 did not inhibit the AR-Luc activity (Fig. 6A). Instead, a slight increase 
was observed though not statistically significant. This suggests that PRMT5 may epigenetic ally 
regulate AR transcription. To confirm this, we examined the methylation status of H4R3 and 
found that knockdown of PRMT5 indeed reduced symmetric dimethylation of H4R3 (Fig. 6C). 
Immunoprecipitation (ChIP) analysis confirmed that PRMT5 indeed bound the AR promoter and 
knockdown of PRMT5 significantly decreased the binding (Fig. 6D). Consistent with this, 
knockdown of PRMT5 also decreased the level of H4R3me2 associated with the AR promoter 
(Fig. 6D). These results suggest that PRMT5 is an epigenetic regulator of AR. We will continue 
to explore the underlying molecular mechanism by which AR transcription is regulated by 
PRMT5. 

Regulation of PRMT5 expression. Since we observed that IR increases PRMT5 expression and 
that PRMT5 is overexpressed in high-risk prostate cancer patients, it is important to determine 
how PRMT5 expression is regulated. This is particularly important given that recent reports 
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Figure 7. Identification of the proximal promoter of PRMT5. (A) Two types of PRMT5 promoters cloned from 
LNCaP genomic DNA with indicated SNPs and an indel polymorphism, as well as a series of 5’-truncated 
promoters were used to construct luciferase reporter genes. (B and C) The indicated reporter genes in A were co¬ 
transfected with pRL-TK into LNCaP and PC-3 cells for 24 hours for measurement of the luciferase activities. 
Results were obtained from at least three independent experiments in triplicate, and were normalized to the vector 
control (Basic). (*, /7<0.05; Student’s t test). (D) Luciferase activities of 5’-truncated reporter genes (B6 and B7) in 
LNCaP and PC-3 cells. Results from 4-6 independent experiments are presented as mean + SEM. Statistical 
significance (**, p<0.01 and ****, p<0.0001) was determined when compared with B7 by one-way ANOVA 
followed by Dunnett’s test. 


13 















































































show that PRMT5 is overexpressed in multiple human cancer tissues. However, how PRMT5 
transcription is regulated has not yet been studied. As a starting point, we have cloned the 
PRMT5 promoter (3.5 kb) from LNCaP cells and found that PRMT5 possesses two distinct types 
of promoters with 7 single nucleotide polymorphisms (SNPs) and one insertion-deletion (intel) 
that are located in the 1.8 kb promoter region (Fig. 7A). To know whether these SNPs and the 
intel contribute to the promoter activity, we have made a series deletion mutants fused to the 
Firefly Luciferase reporter gene. Transfection of these reporter genes into LNCaP cells resulted 
in at least 7-fold increase in the luciferase activity when compared with the vector control (Fig. 
7B). Similar results were obtained from PC-3 cells (Fig. 7C). To further identify the critical 
region responsible the promoter activity, we made additional deletions and found that deletions 
up to - 1-8 dramatically decreased the reporter gene activity (Fig. 7D). These results suggest that 
the -240 region is the important part of the promoter activity. To identify potential transcription 
factors that may regulate PRMT5 transcription, we searched putative transcription factor binding 
sites. As shown in Figure 8 A, there are one SPl binding site, one GATA binding site, and three 
NF-Y binding sites (inverted CCAAT boxes) between -240 and -i-75. To assess the impact of 
these putative binding sites on the PRMT5 promoter activity, we introduced reported mutations 
into these sites that are known to abolish the binding to these transcription factors (Fig. 8 B). We 
found that mutation of the first or the second NF-Y binding site significantly decreased the 
promoter activity, and mutation of both NF-Y binding sites resulted in almost 70% reduction in 
the reporter gene activity. However, mutation of either SPl, GATA or both increased the 
reporter gene activity in LNCaP cells (Fig. 8 C), but had no significant effect in PC-3 cells (Fig. 
8 D). Interestingly, mutations of all these binding sites showed similar extent of reduction in the 
reporter gene activity to the mutant that has mutations in the two NF-Y binding sites (Fig. 8 C 
and D). Note that there is a third NF-Y binding site located in -i-42, and mutagenesis analysis 
suggests that this third NF-Y binding site has a minimal effect on the overall promoter activity in 
LNCaP cells (Fig. 8 E). Taken together, these deletion and mutagenesis analyses have 
demonstrated that the two CCAAT boxes in the proximal promoter region play a key role in 
PRMT5 transcription. Because CCAAT box is the binding site for NF-Y [23] and because NF-Y 
often activates transcription of many genes that are involved in cancer development and 
progression [24], elucidating the role of NF-Y in regulation of PRMT5 expression and prostate 
cancer cell growth will provide novel insights into the cellular signaling that may lead to PRMT5 
overexpression in prostate cancer cells. We will determine whether NF-Y activates transcription 
of PRMT5 in prostate cancer cells. 
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A -240 CACTGTTTCTCTCCGTGATGGTACTTCAAGGTTATACTGCAGGG'nrCAT GGGCGG TC 

SPl 

-182 TAGTCTCTCAATGGCGTTCTTC AGATAG ACTAAGCATTCTGGGAGATTGAAGTTCGT 

G ATA 

-125 CAGGAACCAGACCXTGAG tATTGGl rGGATCCATGCCGTACGCCACTGTGCAGCCCGCG 

-68 c j^ffG^ AGGAAAAGCCACT^CCCATCCCTCCTGTTCGGGAGCTGTGGCAGACGCTC 

-11 TGG^GTTAAGC^ACTCGTCCCGCCrrCTGGGGCACTAGTrrcACTrrGTG^Gi: 

+1 Y3 

+27 ACTAGTATCAAGGAATCCCGGCGTGGA +75 



Figure 8. The two CCAAT boxes are critical for the proximal promoter activity of PRMT5. (A) Sequences of 
the proximal promoter region from -240 to +75 with predicted c/s-regulatory elements. The transcription start site 
was indicated by arrow. Yl, Y2, or Y3 indicates the first, second or third NF-Y binding site. (B) Illustration of a 
series of B5-based luciferase reporter gene constructs. Triangle indicates the corresponding c/s-regulatory element 
was mutated. (C-D) CCAAT boxes are critical for luciferase activity driven by the PRMT5 promoter. The luciferase 
activity of the indicated reporter gene constructs in B was determined in the indicated cancer cell lines. (E) The 
third NF-Y binding site has little effect on the PRMT5 promoter activity. The indicated luciferase reporter gene 
plasmid was co-transfected with pRL-TK into LNCaP cells for 24 hours, and the relative luciferase activity was 
determined. Results in C-E were from at least three independent experiments, and were normalized to the vector 
control and are presented as Mean + SEM. Statistical significance (*, p<Q.Q5, **, p<0.01, ***, pxO.OOl and ****, 
p<0.0001) was determined when compared with WT by one-way ANOVA followed by Dunnett’s test. 
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4. Key Research Accomplishments 


■ Confirmed that lentiviral transduction of LNCaP cells is not an appropriate approach to 
use for in vivo study. 

■ Isolated individual clones from single cells as stable cell lines to knock down PRMT5. 

■ Demonstrated that targeting PRMT5 by using BLL3.3 does not sensitize isolated radio¬ 
resistant cells and their parental LNCaP and DU-145 cells to chemotherapeutic agents 
(docetaxel, cisplatin, etoposide). 

■ Demonstrated that PRMT5 is highly expressed in intermediate- and high-risk prostate 
cancer tissues than normal tissues. 

■ Demonstrated that PRMT5 epigenetically regulates AR transcription. 

■ Cloned and characterized PRMT5 promoter from LNCaP cells. 

■ Demonstrated that the two CCAAT boxes are essential regulatory elements of PRMT5 
transcription. 
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5. Conclusion 


Under the support of this prostate cancer idea development award, we have used 
identified shRNA plasmids to establish stable cell lines using lentiviral transduction. However, 
we have found that this system only produced stable cell lines with mixed subpopulations (with 
or without integration). The cells with integration eventually overpopulated in vivo from a pilot 
experiment, preventing us from assessing the effect of PRMT5 targeting on radiosensitivity. 
Thus, we have established additional stable cell lines isolated from individual cells. With the 
successful isolation of radioresistant sublines from LNCaP and DU-145, we have examined the 
effect of PRMT5 targeting on chemosensitivity, and found that inhibition of PRMT5 by BLL3.3 
does not sensitize both radioresistant sublines and their parental LNCaP and DU-145 cells to 
three chemotherapeutic agents (docetaxel, cisplatin and etoposide). As etoposide is one of the 
double-stranded break inducing agents, our results suggest that PRMT5 may utilize a different 
mechanism to sensitize prostate cancer cells to radiation. Nonetheless, we will test whether 
PRMT5 inhibition can sensitize these radioresistant cells to ionizing radiation. Since our 
collaborators at the University of Western Ontario have encountered some difficulties to retrieve 
specimens from patients who had recurrence after radiotherapy, we have started to examine 
PRMT5 expression in a prostate cancer tissue microarray at UCLA and found that PRMT5 is 
highly expressed in intermediate- and high-risk prostate cancer tissues when compared with low- 
risk prostate cancer tissues and normal tissues. This finding is consistent with the clinical 
observation that high recurrence rate was reported in intermediate- and high-risk patients. We 
have also approached Mayo Clinic in a hope that we will retrieve enough number of prostate 
cancer specimens for our analysis while our collaborators at the University of Western Ontario 
continue to search for appropriate specimens. 

During the course of performing PRMT5 knockdown and radiosensitization experiments, 
we additionally found that PRMT5 regulates prostate cancer cell growth in an AR-dependent 
manner. Interestingly, this effect appears to be regulated by the transcription of AR. As PRMT5 
is an epigenetic regulator, our novel finding suggests that PRMT5 may epigenetically regulate 
AR expression. We have now confirmed that PRMT5 indeed epigenetically regulates AR 
transcription. Given that radiotherapy combined with androgen deprivation therapy is the 
standard treatment for high-risk prostate cancer, our new findings collectively raise an interesting 
hypothesis that targeting PRMT5 is a double-egged sword for prostate cancer radiosesitization 
by suppressing AR expression and by sensitizing cells to radiation. We will continue to test this 
hypothesis. 

Because PRMT5 is highly expressed in intermediate- and high-risk cancer patients and 
because radiation appears to induce PRMT5 expression, we have started to investigate how 
PRMT5 expression is regulated. We have cloned and characterized the PRMT5 promoter and 
identified two CCAAT boxes as critical regulatory elements of PRMT5 transcription within the 
proximal promoter region. Since the transcription factor NF-Y binds to CCAAT boxes and 
regulates expression of many genes that promote cancer cell proliferation, our results also 
suggest that NF-Y may regulate PRMT5 expression and promote cancer cell growth. 
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6. Publications, Abstracts, and Presentations 


(1) Manuscripts 

We are in the process of preparing several manuscripts. 

(2) Presentations 

a. Development of radiosensitizers: An urgent need for prostate cancer radiotherapy 
in the 2013 Hefei Prostate Cancer Translational Medicine and Personalized 
Medicine Symposium (Co-organizer, Program Committee Member, Session Chair 
and Speaker) 

Place: Cancer Hospital, Hefei Institutes of Physical Science Chinese Academy 

of Sciences 

Date: October 9, 2013 

b. Targeting neuroendocrine differentiation as a novel radiosensitization approach 
for prostate cancer treatment 

Place: UCLA, Departments of Pathology and Laboratory Medicine 
Date: February 27, 2014 

c. Advances in prostate cancer diagnosis and treatment 

Place: Tongling 4* Hospital, Wannan Medical College 
Date: March 25, 2014 

d. Mechanism and targeting of radiotherapy-induced neuroendocrine differentiation 
for prostate cancer treatment 

Place: Mayo Clinic Department of Radiation Oncology 
Date: May 18, 2014 

7. Inventions, Patents and Licenses 

None 

8. Reportable Outcomes 

None 

9. Other Achievements 

We have established stable cell lines that inducibly express PRMT5 shRNA from 
individual cells. These cell lines will be used for proposed in vivo experiments. 
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